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Transient Science with FAST
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| Ohservahles
@ HI 2lcm (imaging &

galaxies)

\y Pulsars (FRBs)

c) Molecular Spectroscopy
d) VLBI

e) SETI

large-scale survey has simultaneously

observed HI and pulsar. Why?

Tniternational Journal of Modern Physics T
Vol. 20, Nu. 6 (2011) 983-1024

(¢, Werld Scientific Publiching Cormpany
DOL 10.1142/50213271811019355

THE FIVE-HUNDRED-METER APERTURE SPHERICAL
RADIO TELESCOPE (FAST) PROJECT

RENDONGC NAN*t& DI LI*89, CHENGJIN JIN-, QIMINC WANG*,
LICIIUN ZIIU*, WENDAI ZIIU*, IIATYAN ZIIANG™T,
YOULING YUE® and LEI QZAN"

Nan, Li, Jin et al. 2011, IJMR-D, 20, 989
(>500 google scholar citations)

Li & Pan, 2016, Radio Science, 51, 7
Li et al. 2018, IEEE Microwave, Vol. 19, Issue 3



|
{
E l| l
= | > 1} Z
€ "II | \ %% 75]‘ g\ ‘* ‘ri é
-§ |"' ‘
<L | |
| | l\
|| »'
/| j \ et 7
l____." By \-,4',\._v‘ - \'\_, "‘ " Il\./ ~
1410 1420 1430 1349

Frequency (MHz)

Frequercy IMEZ)

" i ”‘l

1'“‘"‘} “uligr-rmﬁvr Ty '.
"b" .\ r? ‘“'5}1

4 f:
"’w&f

W‘T ‘W“ "‘l *xu'. T v
| ol

$ I'F‘“ ‘? rl. 1 ‘]: |
z].r.'l“ pl S

\‘*
S

l{'l

w /|
mf

j‘J

U"
Lu

'|

Jb”rd"m

IR e )

l.'l

l(

W
‘1

>

FE)H 55 RAER K4

AV (@ ) #=
NATIONAL ASTRONOMICAL OBSERVATORIES, CHINESE ACADEMY OF SCIENCES

i ""I n I! '
ﬁ“f«‘#ri\rr J" '5“154“

L S e T R 'mwm "\l'ﬂfmuﬁ'm‘f'.'\ LA I ‘t..-.h R i 28

ﬂ,l!

‘“il (3

1.62

1?6

194

*iﬁ

2l ?ZE 24’1

time (51« MD 59246,024034%35920

'r wc. gl

51., ,{ﬂl‘;ﬁq 1' o !T;lll

qt \’r ’!‘ 'H?

;%%w“‘ L 1

f-yq 23
l; a4 | -

engpet [T - Fob= 2072 3000

o




I Break““'ﬂ“gh ®* HIl/pulsar commensality!

High Cadence CAL

e Run a "winking” CAL at the
pulsar backend sampling
rate (~100 ps)

by Marko Kréo', Yan Zhwd', Richard N, Manchestzr’, Chenjin Jin', Alex Dunning’, George Hobbs’,

® PU | S a r b a C ke n d trl g g e r Ryan Lynck’, Di Li', Felix J. Lockman’, William Coles’, Jim Cordes’, Jimi (i:'e'c'f:‘, Carl Heiles",
. Mengting Liv', Naomi M. McClure-G u/h:h Zhichen Pan', Lister Staveley-Smith’, Ningyu Tang', Zhu
a utO m atl C CA I_ Weiwel', Youling Yue', Kai Zhang'

%

® post-processing of pulsar

o w;{ﬁ{}; ””WWWW data recovers Tsys 5
d ; At . Krco et al.
- R ¢ CAL timing information to oatent pending

be shared with all groups.
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BACKEND SYSTEMS
PULSAR

GALACTIC HI
EXTRA - GALACTIC HI

aam POST-PROCESSING
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stronomy = AS urvey

Li et al. 2018
IEEE Microwave, Vol 19, Issue 3, p112

9280 hours

220 full days
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CRAFTS

FAST?

ommensal adio stronomy & AS urvey

unprecedented commensality
pulsar, galaxy, imaging, and FRB _ —

FAST 'big data’ stream
pulsar: 19 x 8bit x 4 x 4k x 2x104 per second
Hl: 19x8bitx4x1Mx2/s

D{ Li, Peil Wang, Lei Qlan, Marko Krco, Alex Dunning,
PY 2 5 | B/h Peng Jiang, Youling Yue, Chenjin Jin, Yan Zhn,
Zhichen Pan, and Rendong Nan

3

B o MyEEW A >
ABAINS | SY4 AWOUOJISY OIp2Y |BeSUSWWO) 8y |

e 550TB/day

e 10 PB/ year

Berkeley

UNIVERSITY OF CALIFORNIA

Li et al. 2018, Invited Review
IEEE Microwave, Vol 19, Issue 3, p112



Rotation angle 23 .4° P FRB 1811 23
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Liet al. 2018
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4 x Pointings

On - Off (P1)

~1000 new pulsars (C)
~B00K galaxies® ..

>10 billion voxels HI sky image B s e
>50 new FRBs Velocity: -6.33 km/s
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dP/dt (s/s)

CRAFTS new pulsars >160, 41MSP, 1 DNS
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FAST & Fermi—LAT MoU, 2017.12

Memorandum of Understanding between

I F AST’S ﬁI‘St Milli-Second Pulsar [MSP]

and
The Fermi Large Arca Telescope (LAT) Collaboration
for
Pulsar Studies using the FAST Radio Telescope and

the Fermi Large Arca Telescope

Dr. G. Hobbs, a member of the Gravitational
Wave International Committee (GWIC):
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PSR J0318+0253 b) Fermi-LA
A New MSP toward the Fermi-LAT unassociated source 3FGL J0318.1+0252
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- fRB 121102

host galaxy .
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Contents [hide]

e > 50 categories of models

2.1 Rules and Guidelines

. No clear consensus

Welcome to the FRB Theory Wiki!

Energy Emission LF Radio HF Radio Microwave THz OIR X ray Gamma ray GW

Name ¢+ Category * Progenitor * Type ¢ . * ¢ ¢ . . ¢ . ¢ ¢

Mechanism Mechanism Counterpart Counterpart Counterpart Counterpart Counterpart Counterpart Counterpart Counterpart |

NS-WD Accretion Accretion NS-WD Repeat Mag. Curv. Yes - - - - - Yes, but unlikely -
reconnection detectable

AGN-KBH AGN AGN-KBH Interaction Repeat Maser Synch. Yes - -~ -- Supemova -- Yes Yes

AGN-SS AGN AGN-Strange Star Repeat Electron - Yes - - - Thermal - Yes Yes

Interaction oscillation

Jet-Caviton AGN Jet-Caviton Interaction Both  Electron Bremsst. Yes Yes -- - -- - Possible GRB Yes
scattering

Wandering Beam AGN Wandering Beam Repeat - Synch. Yes - -- - - Yes -- -

NS to BH (DM- Collapse NS to BH Single Mag. Curv. Yes - - - - - - Yes

Induced) reconnection

NS to KNBH Collapse NS to KNBH Single Mag. Curv. Yes - - - - Possible Possible GRB Yes
reconnection afterglow

NS to Quark Star Collapse NS to Quark Star Single B-decay Synch. Yes - - - - Yes Yes Yes

SS Crust Collapse Strange Star Crust Single Mag. Curv. Yes - - - - - - Yes
reconnection

Axion Cloud and BH Collision / Superradiant Axion Repeat Laser Synch. Yes - -- - - - - Yes

Interaction Cloud and BH



I CRAFTS reveals a high event rate >100K per day!

CRAFTS

& ASKAP
® Arecibo

020 ApJL
2021 ApJL

- CHIME
¥ DSA-10
A Effelsberg
Y& FAST
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]l year

GBT
MeerKAT

Parks
VLA

1 month

1 day

| hour

Equivalent Solar Energy

Y=gy ¥ ¥

Youth

Middle Age

~ Cosmic Age
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Host Galaxy

Isai et al. 2021 in prep

/7
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Optical R*-band (CFHT MegaCam) BSPS\WT S
5427A-7041 A: Hp4861A, [Olll] 49594, and [Olll]  ° //
5007A // Blue: , CFHT GRI
nfrared J_band image (Subaru/MOlRCS) fof A G [ee” ............ gb ,F,:;rSJ 0
SN ey e
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. CFHT-R’ & Subaru-J JVLA-L
Redshift j
e 1 L
g ._'j 8 ._J &
' PRS
P g | @ Nit+ 2022 i press




Credit Niu et al. 2022 / Saxton (NRAO)



Tsai et al. 2021

Host galaxy of FRB 190520 In prep.

a Star-torming dwarf galaxy

CFHT GRI

Greén: CFHT R
: Subary J Analogy: NGC1140

a dwarf irregular galaxy




FRB 190520: .- hipper and Welrder brother of 121102

In Review | natureportfolio ﬁ
0.7 + Galache | [r_fra.:a ache =

oy o

"this is a highly significant result and [ ; Y &
well worthy of publication.” ' §
N

I‘ _|] Vi F_’—' .— '."’ N
PHYSICAL SCIENCES -~ ARTICLE T - 0.5 4 )

A highly active repeating fast radio burst in a complex local BADGES — —— [ &/ Ny
environment £} vrescree /

> DILL CH. Niu, Kshit] Agaanwval, Kian Zaana, Sham Chatterjee, Chac-Wel Taal, Wanfal Yo, Casay Law, Sarah
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- PEER REVIEW TIMELINE
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I FRB121102 Burst Energy Statistics

4D

£~ TN T, (Zhang 2018)
= (0 gested (14:2)(102212:m )2 3y ]-:/ms Gl;-clz
Cumulative burst energy distribution:
3=-07  JVLA AO,GBT Laws2017  Sm|  +%hw_  Gourdji+ 2019
5= -1.8+0.3 AO Gourdji+2019 E E
3=-1.2+0.2 Effelsberg Cruces+ 2020 %mﬂﬁ W :

g = ?,-2_,'] muy(']ms) Zf O 19238 DL—949I\/Ipc Tdy ms = 1.07x 1039 erg
P F=

Energy (etg)

.
R

%

YA X 1036 erg < Energy < 8. O X 1039 erg
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I Burst Rate Energy Distribution
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1058

Energy (erg)

A bimodal burst energy distribution of a repeating fast radio burst source

1 037

Li;Wang et al. 2021 Nature, 598,267



| BurstRate Energy Distribution - bimodel

1 A g Li, Wang et al.

101

*The Lorentz/Cauchy function
describe the

Simulated ratio between *The best-fit index of 1.85

two normally distributed N (generalized Cauchy
variables function) is close to 2 within
| one o ~ 0.3

1
B D Tl B
Cauchy pdf p( ) ’TI'(IO/' -+ l)
P(x) =1/ [m(x?+1)]
P(x) = 1/ [m (x> +1)] 1
A~N(O,1)/B~N(O, 1) il
p(ﬂl) 5 ( 2 I 1)
107! 10° 10! 10° e

Random variable: X



P ASR

FRB 121102 (2019episode)

e No (quasi)-periodicity between 1ms and 1000s
sBimodal energy distribution favors stochastic events _
o [otal energy in ~60 days ~ 38% of a single magnetar's energy . e ol

.
,.si-?

Unlikely an isolated magnetar!

A bimodal burst energy distribufion of a repeating fast radic burst source

nature Li, Wang, 2021 0OT ! 10.1038/541586-021-03878-5
CRAFTS

P (rvmsnns Bode st |

CRAFTS webpage: https.//crafts.bav.ac.cn/ 3ol pmpeaar
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I Depolarization of FRB repeaters ?

1. Channel smearing 2. Intrinsic
oo e R (RS - p = 1 — Sin(AG)/AO
hal . LA
c“AvRM
ool | O VAR - . 2= AN
polarization direction ct. Faraday rotation for pulsars, cf. Petrova 2001

3. multi-path propagation

i 4 2
Jaepor = 1 — exp(=24"0p,,
e.g O'Sullivafget al. 2012

Multi-path propagation through
different RMs

Feng et al. 2022, Science, 375, 1266-1270




.\ N ew Unlﬁed Charactenzatlon of

Fast Radio Bursts

Reveals Thelr Orlgln

Feng et a

F
lo.%-'
2o ..

Degree of Linear Polarization (%)

O FAST O CHIME © GBT ¥V AQ $8VLA O LOFAR ¥ ASKAP oRM(rad/~)

100+

20 +

0+

M |

10"
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10’
Frequency (GHz)

2189
201305208
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2.5
20201124A

0.12
2013091¢B

not Fittad
20190711A
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- 20190604A




Degree of Linear Polarization (%)

I Unified characterization of all FRBs - ORM

O FAST o CHIME & GBT v AO £

VLA o LOFAR =& ASKAP

100 -

0
O
|

0))
o
|

AN
o
]

N
o
]

®, Ypx]-e(2 o rAM2

100
Frequency (GHz)

10

1

GR\1 = 218.9 rad/m
201905208

2
Ory = 30.9 rad/m
20121102A

Opy — 6.3 rad/m”
20180301A

-
Oryv — 6.1 rad/m
20190417A

2
0R\1 — 3.6 rad/'n
Z20D0190303A

2
O — 2.5 rad/m
20201124A

Oy = 0.12 rad/m"

201809168

Oy Not Filted
20190711A

Oeng Not Filted
20190604 A

Feng et al. 2022, Science, 375, 1266<1270







